Introduction
Adverse pregnancy outcomes (APO), primarily including miscarriages, intrauterine fetal death, and giving birth to children with developmental malformations, are observed rather often. Miscarriage affects at least 10% of couples trying to conceive, while one in every 33 babies in the United States is born with a birth defect [2] . The couples experiencing an adverse pregnancy outcome may be at risk of having other adverse outcomes in future pregnancies. Recurrent miscarriage affects 1% of couples trying to conceive [3] . Based on Regan et al. ' s [4] data, National Institute for Health and Care Excellence (NICE, UK) states that after each miscarriage the possibility of recurrent miscarriage increases by 20% [NICE] . The recurrence risk for stillbirth increases twofold to tenfold in the next pregnancy [5] [6] . In addition, one type of adverse pregnancy outcome can also increase the risk of other adverse pregnancy outcomes [7] .
It is known that only a small part of APO (5% -13%) is caused by genetic aberrations, while most birth defects and miscarriages are associated with epigenetic developmental disorders [8] - [10] . It is almost impossible to find out the cause of these disorders (despite a large number of laboratory tests and diagnostic procedures requiring a lot of time and material resources). However, it is well known that very different environmental factors (an excess of heavy metals, organic pollutants, viruses, etc.) adversely affecting the body of a pregnant woman can change the state of her immune system. On the other hand, disturbances in immune regulation, resulting in surplus or insufficient production of natural embryotropic auto-antibodies (a-Abs) of the IgG class that negatively influences the gestation process, are one of the most common reasons of adverse pregnancy outcome [11] - [13] . Usually, serum contents of various a-Abs in healthy women are maintained within relatively narrow concentration ranges [14] . In contrast, in 75% -95% of women suffering from habitual miscarriages or other forms of pregnancy complications, long-lasting abnormalities of a-Abs may be found [14] . Due to multiple mechanisms of protection and compensation, immune deviations do not necessarily lead to poor pregnancy outcomes, but sharply increase the probability of miscarriages, fetal deaths, or developmental malformations [14] - [17] . Another important issue is the influence of maternal immune deviations upon the health of the child. Changes in a-Abs contents almost always negatively influence the health state of a newborn [11] . Therefore, by analyzing some parameters of a female immune system, we can predict the course of a planned pregnancy, on the one hand, and on the other hand, come to better understanding of which external factors cause immune disorders and try to eliminate these factors prior to pregnancy planning [9] .
Recently a laboratory diagnostic test called ELI-P-Complex [18] has been used to predict the course and outcome of the pregnancy. It is able to assess the state of the female reproductive system with just a single analysis and give а clear understanding of the cause of disorder, therefore turning the diagnostic search in the right direction that prevents spending money on other blindly conducted studies [18] - [20] . In our prospective study, we have investigated the possibilities of using ELI-P-Complex method for preconception care in women with a history of adverse pregnancy outcomes in order to improve outcomes of the subsequent pregnancies.
Methods
The study was conducted from April 2008 until June 2014 (the last participant was enrolled in March 2013). Initially, 4519 female patients aged 17 to 45 years were enrolled for its conduction; they visited special family planning centers in Moscow, Saint-Petersburg, Kazan, Novosibirsk, and Rostov-on-Don (Russian Federation). Later, all study participants were followed up in out-patient service at Obstetrics and Gynecology Departments in nineteen hospitals of the above-mentioned cities. For delivery, as well as in case of any pregnancy complications, all participants were mandatorily hospitalized in these particular hospitals.
The main criterion for inclusion in the study was the presence in the medical history at least one of the fol-lowing adverse pregnancy outcomes: miscarriage, missed miscarriage, anembryonic pregnancy (blighted ovum), fetal death (stillbirth), intrauterine growth restriction, premature birth, and fetal and congenital malformations. Fertile women without a history of adverse pregnancy outcomes, as well as women diagnosed with infertility, were withdrawn from the study. The study was approved by the research ethics committees at all participating hospitals, and women gave informed consent before enrolling in the study. Women who were eligible for the study were randomly allocated to two groups: the group of preconception care based on ELI-P-Complex testing data (Group A, n = 2209) and the group of preconception care without ELI-P-Complex testing (Group B, n = 2310) ( Table 1) .
Blood serum samples were drawn from all women in Group A prior to the pregnancy for testing with ELI-P-Complex. Freshly obtained blood serum samples stored for not longer than 3 days at a temperature = +1˚C ••• +4˚C were used in the study. Analysis was conducted using ELI-P-Complex kits (Immunculus, Moscow).
ELI-P-Complex method. ELI-P-Complex method and kit are intended for measuring the profiles of specific serum immune reactivity (IR) which depends on a serum content of twelve IgG a-Abs [18] [21] (namely a-Abs interacting with Chorionic Gonadotropin (hCG), dsDNA, β2-Glycoprotein I, Fc-fragment of IgG (rheumatoid factor), collagen II, insulin, thyroglobulin, proteins of S100 family, Spr-06-antigen of sperm membranes, TrM-03-antigen of platelet membranes, ANCA, KiM-05-antigen of kidney cell membranes. Abnormalities in the content of the above-mentioned a-Abs may prominently influence pregnancy development and fetus formation if their serum content has deviated from normal parameters. The ELI-P-Complex test is registered by the Russian Ministry of Health for diagnostic and prognostic investigation of women planning pregnancy or already pregnant [11] .
Median individual immune reactivity (MIR) and profiles of individual immune reactivity (relative content) of the corresponding auto-antibodies were detected and analyzed in the blood serum samples.
Reactions were run according to the manufacturer's instructions using standard procedures of enzyme-linked immunosorbent assay. The optical density level of the immunosorbent reaction of the control serum (CS) with each antigen was considered as 100%, and the intensity of the patients' serums reactions with the same antigens was calculated relative to the CS reaction [22] . Then, the median individual level of immune reactivity of the tested blood serum samples with each antigen was calculated relative to the CS reaction using the following formulas: 
Abbreviations: MIR-median individual level of immune reactivity of the individual patient's serum regarding 
all the used antigens. The normal (physiological) levels of individual MIR are restricted by the ranges −30% ••• to 0% (or conditional units (CU)) of the control sample median IR.
Moreover, in order to analyze immune reactivity profiles of the studied patients, a deviation (as a percentage of the individual median normalized reaction level) detected in the serum of a studied patient was calculated for each of the antigens using the following formulas: In Group A, disorders revealed with ELI-P-Complex test were confirmed by routine methods of diagnostics according to the unified criteria for patient examination recommended after ELI-P-Complex testing. Treatment of detected disorders was conducted individually in accordance with the common methods of disease treatment. In 3 -4 weeks after the treatment completion, a control examination was conducted using ELI-P-Complex test. In this study, absolutely all women were allowed to plan pregnancy regardless of the test result solely for scientific purposes; however, the manufacturer of ELI-P-Complex test recommends pregnancy planning strictly according to the following criteria: 1) normalization of the serum content of embryotropic a-Abs; 2) decrease in initially elevated level of the immune reactivity of certain a-Abs by at least 50% from baseline; 3) increase in median individual reactivity (MIR) level of at least 1.5 fold the initial value in women with immune suppression at baseline; and 4) decrease in the median individual reactivity (MIR) level to the normal values in women with initial immune activation. Absence of the above-mentioned changes indicates that the treatment is not effective and a specific pathogenic cause persists which can result in recurrence of the adverse pregnancy outcome.
Pregnancy onset in Group A was registered 3 -9 months after the first investigation with ELI-P-Complex test. In total, pregnancy was diagnosed in 1971 women from Group A. In 238 cases pregnancy did not happen during the 6-month period of observation, and such patients were excluded from the study. In Group B, preconception care was not conducted using ELI-P-Complex test, and the women started pregnancy planning right after randomization. In Group B, pregnancy was confirmed in 1998 women. In the remaining 312 women, pregnancy did not occur within 6 months and they were withdrawn from the study.
In both groups (Group A and Group B), ELI-P-Complex test was performed during the first, second, and third trimester, as well as all standard laboratory tests, ultrasound scanning to assess the pregnancy course, the condition of mother and child, and also the condition of a newborn right after the delivery. Clinical monitoring of the pregnancy course was initiated at weeks 6 -9 of gestation and was continued until its completion. Health state of children delivered by women under observation was assessed within the first 5 -7 days after birth (Figure 1 ).
Statistical Analysis
All statistical analyses were performed using the SPSS 21.0.0 for Windows (IBM, NY, USA) and STATA/SE 13.0 software (STATA Corp., Texas, USA) taking into consideration 95% CI. The chi-square test was used to determine significant differences. Performance indicators (positive predictive value (PPV), sensitivity, specificity) of ELI-P-Complex test have been calculated for pregnancy complications. Relative risk of an adverse pregnancy outcome and delivery of an unhealthy child was calculated by comparing Group A (with preconception care with ELI-P-Complex testing) and Group B (without ELI-P-Complex testing during the preconception care). 
Results
Initially almost 2209 non-pregnant women with a history of adverse pregnancy outcomes were tested using ELI-P-Complex (Group A). It was found that disorders of serum immune reactivity determined by natural IgG auto-antibodies are revealed in more than 90% of such women: abnormalities were reported in 92.4% (n = 2041) of them, and only in 7.6% (n = 168) of patients ELI-P-Complex test scores were within the normal range. The changes revealed included abnormal decrease or, vice versa, abnormal increase in total immune reactivity level in the blood serum with all or with the most of the used antigens (abnormalities of the median individual immune reactivity, MIR). Furthermore, abnormal changes could selectively relate to separate a-Abs of certain specificity.
Additional clarifying investigations prescribed based on screening ELI-P-Complex data made it possible to specify in detail the situation in each case. In 83.5% (n = 1704) of women from Group A, abnormal increases in microbial population potentially important for adverse pregnancy outcome (including chlamydia, mycoplasma, ureaplasma, gardnerella, trichomonasvaginalis, candida, and herpes viruses) was detected. In 65.6% (n=1339) of women, hormonal disorders of various grades were revealed (thyroid disorders, disorders of menstrual cycle, polycystic ovary syndrome, hyperandrogenism, hyperprolactinaemia, hypogonadism, hypoprogesteronaemia, and obesity). In 8.2% (n = 167) of cases, the signs of pancreatitis were revealed; notably, in almost a quarter of such women (n = 38) the signs of glucose intolerance and/or metabolic syndrome were observed. In some of the examined women, the signs of antiphospholipid syndrome (18.6%, n = 380) were present; small vessels vasculitis (12.1%, n = 245), thrombocytopathy (9.1%, n = 186), and changes in hemostasis (8.3%, n = 169) were revealed in nearly one third of patients. An abnormally elevated level of antibodies against chorionic gonadotropin was detected in 3.4% of women (n = 69), pituitary adenoma was revealed in 2 (0.1%), and the signs of prema-ture ovarian aging were observed in 9 (0.44%) of women. The signs of papillomavirus infection were revealed quite often (in 24.4%, n = 498) which is a rather common cause of pathologic pregnancy. Rather often (16.8%, n = 343) the signs of endometritis and/or inflammatory processes in other pelvic organs were present. Finally, in 5.4% (n = 110) of cases, chronic pyelonephritis was diagnosed.
Based on the results of clarifying investigations, individual treatment was prescribed. After treatment completion, control ELI-P-Complex testing revealed full normalization of test parameters in 35.9% (n = 733) of women and improvement of the scores up to the values recommended for pregnancy planning in 47% (959) of patients. In 17.1% of cases (349 women), no clear improvement of ELI-P-Complex test scores was achieved.
Women from Group В (n = 2310) were not examined using ELI-P-Complex method prior to the pregnancy, and their care was conducted according to the uniform common regimens of preconception care, recommended by NICE [1] .
In the first, second, and third trimesters of pregnancy, all Group A patients underwent additional ELI-PComplex testing. In a majority of cases (94.4%), test scores fluctuated only slightly (±12%) compared to the values reported after preconception care shortly before pregnancy onset. Only 3.7% (n = 73) of pregnant women experienced significant (>12%) changes in the immune reactivity parameters; in 63 (3.2%) of them, changes were transient and were detected during acute respiratory diseases.
After onset of pregnancy, the patients from Group B also underwent ELI-P-Complex testing during the first, second, and third trimesters. Deviations of ELI-P-Complex test scores in Group B women were similar to those observed in Group A women prior to their preconception care. Only 130 (6.5%) pregnant women from Group B had normal ELI-P-Complex test scores on the first examination (in the first trimester of pregnancy), while abnormal decrease/increase in total immune reactivity level or abnormal changes of a-Abs of certain specificity were detected in 93.5% (n = 1868) of cases. During the second trimester, normalparameters were observed already in 16.2% of Group В women, and in 24.4% during the third trimester. However, positive changes in ELI-P-Complex test scores over time during the pregnancy course are relative and most possibly are related to the sequential drop-out of women (pregnancy loss) whose reproductive health was especially poor. Furthermore, therapeutic measures conducted for certain complications affected the improvement of ELI-P-Complex test scores as well.
Summary data concerning peculiarities of pregnancy course and condition of the newborns delivered by women from groups A and B are presented in Tables 2-4.   Table 2 . Complications of the pregnancy course.
Pregnancy complications
Group А (n = 1971) Group B (n = 1998) P Obtained data indicate that normal pregnancy development was significantly more often observed in Group A women, while any kind of unsatisfactory pregnancy outcomes as well as disorders in the health state of the newborns were significantly more often revealed in Group B women.
First trimester
Calculations of positive predictive value (PPV), sensitivity and specificity of ELI-P-Complex, as well as relative risk of pregnancy complications, adverse pregnancy outcome, and health state of the newborns are presented in Table 5 .
Positive predictive value (PPV) of ELI-P-Complex for prediction of pregnancy complication: 
Discussion
Diagnostics with ELI-P-complex test can only be understood clearly realizing that auto-antibodies are always present in the body of any healthy person, and their values vary within certain normal ranges [18] [23] [24] . Persistent abnormal serum content of auto-antibodies indicates the presence of a pathological process in a certain organ. This applies to a woman preparing to become a mother as well. Almost all processes taking place in her body affect the state of her immune system. Induced immune changes appear clearly by deviations in production of cytokines and antibodies, and may be a leading cause of adverse outcomes of pregnancy (miscarriages, inborn anomalies, etc.) [18] [21] [25] .
Our study, as well as the previous research [11] [12] [15] [16] [23] , has demonstrated that infectious inflammatory processes of various etiology, endocrine changes, antiphospholipid syndrome, and other disorders in the female body, as well as combinations of the above mentioned changes that have causal relationship to adverse pregnancy outcomes are accompanied by certain abnormalities in the production of embryotropic antibodies. During the preconception care after the first ELI-P-Complex testing, abnormal content of embryotropic antibodies was revealed in 92.4% (n = 2041) of Group A women. Such disorders (Р > 0.05) were revealed in Group B as well during the first trimester of pregnancy in 93.5% (n = 1868) of women.
Provided that main etiologic factors impairing the function of female reproductive system are eliminated, complete normalization or significant improvement of the immune reactivity parameters of the embryotropic antibodies system is observed [11] [12] [23] . In our case, normalization or significant improvement of immune reactivity was reported in 1692 (82.9%) women from Group А after preconception care. It correlated with satisfactory clinical data, normalization of the menstrual cycle, and laboratory data. In 349 (17.1%) women, improvement in parameters of immune reactivity was not achieved for various reasons within the 4-month period specified in the study protocol.
Earlier [26] it was demonstrated that effective elimination of major etiologic factors (infectious inflammatory process, endocrine disorder, etc.) is associated with normalization of synthesis of the embryotropic antibodies and results in 5-to 8-fold decrease in the incidence of adverse pregnancy outcomes. In our study, comparative analysis of the pregnancy course in women from the studied groups has shown that preconception care using ELI-P-Complex test significantly (up to 12 times (RR = 11.67)) decreases the number of complications throughout the whole gestational period as compared to the patients who did not undergo ELI-P-Complex testing prior to pregnancy. Furthermore, even the most thorough follow-up of the patients from Group B and treatment of complications occurring throughout the pregnancy did not always provide the desired effect, which negatively affected some pregnancy outcomes (761 (38.1%) cases of adverse pregnancy outcomes). Recurrent adverse pregnancy outcomes in a majority of cases were observed in patients with significantly impaired production of one or more regulatory antibodies: the level of serum antibodies was lower than −60 CU or higher than +40 CU according to the results of ELI-P-Complex test.
Not only immune activation but immune suppression as well can lead to pregnancy disorders. Thus, according to Makarov and Osipova [27] immune suppression related to a steady decrease in the serum content of some embryotropic a-Abs is a marker of future preeclampsia. Preeclampsia in our study was observed in 84% of women with immune suppression.
Violations of intrauterine development conditions caused by changes in production of maternal a-Abs are associated with the death of the embryo or fetus (although not in all cases); however, they almost always negatively affect the child's health state. In accordance to observations by Kluchnikov and Zamaleeva, if children were born to women with the normal parameters of ELI-P-Complex method, at least 70% of them were evaluated as practically healthy at ages 4 -6 years old. On the contrary, no more than 15% children were evaluated as practically healthy if they were born to women with steadily deviated parameters of serum a-Abs [11] [28] . As our study has demonstrated, impaired production of embryotropic antibodies negatively affects development of the embryo and fetus and results in increased frequency of death, congenital defects or unsatisfactory health state. Only 50.3% (n = 735) of the newborns out of all children born in Group B were completely healthy, while 88.1% (n = 1543) of the children from Group A were born absolutely healthy.
It should be noted that a threatened pregnancy loss was observed in 1746 (87.4%) patients from Group B in the first trimester of pregnancy and in 957 (47.9%) patients during the second trimester; thus, 1660 (83.1%) pregnant women were treated in the in-patient settings. At the same time, threatened pregnancy loss in patients who underwent preconception care (Group A) was observed during the first and second trimesters in 150 (7.6%) and 71 (3.6%) patients respectively; moreover, only 203 (10.3%) (Р < 0.01) of them required hospitalization and received in-patient treatment. This is confirmed by the data from Liza Osipenko study [29] of cost effectiveness of using ELI-P-Complex test in the obstetrical practice.
Finally, it should be noted that impaired ELI-P-Complex test scores, despite the hospitalization and conducted treatment during the whole gestational period, increased the risk of adverse pregnancy outcome by 6 times (RR = 5.8908) and the risk of giving birth to an unhealthy child by 8 times (RR = 7.9601) as compared to a group of patients with normal ELI-P-Complex test scores.
Conclusion
In summary, our study has demonstrated that thorough preconception care using ELI-P-Complex test decreases the risk of recurrent adverse pregnancy outcome. Assessment of serum embryotropic antibodies content with ELI-P-Complex test may serve as an objective criterion of female readiness to give birth to a healthy child as well as a criterion of efficacy and sufficiency of therapeutic measures conducted throughout the period of preconception care in women with a history of adverse pregnancy outcomes. Persistent changes in the antibodies against proteins (regulators of embryogenesis) must be considered an alert signal from the body of a future mother. We believe that ELI-P-Complex test may be recommended for a wide use during the preconception care of women with a history of adverse pregnancy outcomes.
